INTRODUCTION
Birth is, from a biological point of view, the most critical event in life. Indeed, it is the riskiest moment and is characterized as a period of transition from intra-to extra-uterine life, in which the gas-exchanging organ abruptly switches from the placenta to the lungs in a matter of few minutes. In this period of transition, aeration of the lungs is obviously an essential event. However, simultaneous changes in circulation which are essential as well.
This transitional events are orchestrated by a number of delicate and fine-tuned biological processes.
Considering the complexity of this coordinated series of events, it is surprising that most newborns go through the challenging task of adaptation in a relatively smooth and une ventful way. In some babies however, certain processes in the course of transition may not go well and may require medical intervention.
Indeed, neonatologists face and handle these babies in trouble in the neonatal intensive care unit (NICU).
For successful completion of this transition, a number of events must go smoothly, which are precisely what we focus on and monitor in newborn infants in the NICU.
At birth, a fall of pulmonary vascular resistance causes an immediate increase in pulmonary blood flow that is coupled with a cessation of placental perfusion. An increase in pulmonary blood flow is accompanied by an increase in blood volume in the pulmonary vasculature. That means that the total circulating blood volume in the infant's body increases. Lung aeration causes fluid absorption in the lung, which moves into the pul monary vasculature and lymphatics via the interstitium and contributes to the increase in circulating blood volume. As a consequence of all these mechanisms, resulting from removal of placental circulation and increased in pulmonary blood flow, both pre-and after-load of the right heart decrease and those of the left heart increase. The ductus arteriosus typically closes in the first few hours after birth. On the other hand, flow through the ductus venosus and the foramen ovale normally stops immediately followed by complete anatomical closure within a few days. Obviously the level of oxygenation in the systemic arterial blood increases.
Neonatologists are dealing with babies who have difficulty with one or more steps in this series of complicated circulatory events that occur after birth. Therefore, babies in the NICU are continuously monitored, frequently examined, and closely followed for their clinical status.
MODES OF MONITORING AND EXAMINATION
In previous days in neonatal intensive care, with limited medical resources, neonatologists simply observed babies closely and assessed them with only a few kinds of physical tests. Today, however, we are equipped with a number of moni tors, machines and biochemical tests of advanced modern technology.
These monitors and examination methods are categorized into three groups ( Laser Doppler flowmetry may become a useful tool but is still not widely applied.
The second group includes most of the physical examinations, blood tests and other 'point-of-care' physiological examinations.
They are generally a little more invasive and more specific than the first group. For example, inspection of the skin color and activity, chest auscultation, capillary refill time, oscillometric blood pressure measurement, urine output measurement, and blood tests for blood gas analysis, lactate and natriuetic peptides assays.
The last group is the most specific and diagnostic but tends to be more invasive and may interfere with infant's circulatory status. It tends to be performed very occasionally or just once.
Car diac catheterization and angiography are examples of tests in this category. Magnetic resonance imaging (MRI) and computed tomography (CT) scan may also be included in this category but are relatively less invasive. Echocardiography performed by a pediatric cardiologist may also fall into this category, but is certainly less invasive than the above-mentioned imaging modalities.
Echocardiographic examinations performed by neonatologists may be considered as a modality somewhere between the group 2 and 3. They may not be performed as frequently as blood gas analyses or vital sign checks, but definitely more often than echocardiography performed by pediatric cardiologists.
INTERNATIONAL TRENDS OF ECHOCARDIO GRAPHY IN THE NICU
A portable echo machine is an extremely useful tool in the NICUs all over the world. In addition to the brain and abdominal organs, the heart is one of the main target organs. There are plenti ful clinical situations where echocardiography is useful in the NICU, as listed in Table 2 .
Attitude towards the clinical application, feasibility and usage of echocardiography varies among different countries.
Most of the time, initial structural echocardiographic study for screening congenital heart disease (CHD) is still performed by pediatric cardiologists. However, recently, follow-up functional echocardiographic examinations are being increasingly performed by neonatologists (Figure 1) . A shift from pediatric cardiologists to neonatologists is a universal trend, occurring in many countries in the world. Japan seems to be a leading country in this field.
We recently conducted a survey of the clinical practice of echocardiographic examinations among neonatal doctors working in the NICU in Korea and Japan. The responses to the questions were compared between the two countries. Table 3 shows the main findings of the survey. Echocardiography is being performed more than 90% of the time by neonatologists in Japan, whereas in Korea, the numbers were divided equally between neonatologists and pediatric cardiologists. In Japan, echocardiographic examination in the NICU tended to be done more frequently and in shorter time for one series of check-up than in Korea. In other .
USEFUL PARAMETERS OF FUNCTIONAL TARGET ED ECHOCARDIOGRAPHY
Widely used parameters for assessment of neonatal cardiac function are summarized in Table 5 2)
. Shortening fraction (SF) or Table 4 . They consist of more basic 'core' training lasting 4 to 6 months and 'advanced' training of additional 4 to 6 months. In each training program, detailed which is known to be associated with intracranial morbidity in low birth weight infants 5, 6) .
Useful parameters for assessing Patent Ductus Arteriosus (PDA) status
Management of PDA is always one of the primary issues of .
NOVEL TECHNOLOGIES OF MONITORING CIRCULATION IN THE NEWBORN
In spite of efforts and enthusiasm of neonatologists in Japan and other countries, echocardiography,with its fundamental advantages as sophisticated imaging technique, possesses basic limitations. It is only cutting out a series of cardiac images within a certain time frame out of ever-changing cardiac movements and circulatory status. In addition, even a brief touch of an echo probe may affect heart rate and influence an infant's circulatory status.
Some novel technologies and equipment that can monitor parameters of circulatory system continuously and relatively non-invasively are being introduced. These new techniques may compensate for some of the problems associated with echocardiography and are coming into clinical practice in the NICU. . Combining data of cardiac output with information of systemic blood pressure, systemic vascular resistance can also be calculated. This device can also estimate an index of thoracic fluid content. One limitation is, however, that measurement tends to be less accurate in cases with massive chest wall fluid or edema. For a patient on high frequency ventilation, the measurement is also more difficult 9) . Large shunt PDA may also interfere with its evaluation of cardiac output.
Electrical cardiometry

Near-infrared spectroscopy
Near-infrared spectroscopy is another relatively novel tech- abdominal viscera or muscles in the extremities 11, 12) , studies on 'non-cerebral' organs are still relatively few and further research is expected in future. and subcutaneous tissue 13, 14) . It is reported that simultaneous measurement of skin blood flow in the forehead and foot is useful in predicting serious complications such as intra-ventri cular hemorrhage in very low birth weight infants 14) . This equipment is currently not commonly found in NICUs, but may potentially become a useful tool in future. 
Laser Doppler flowmetry
